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Abstract
The aqueous solution behaviour of An III (An = Am or Cm) in the presence of EDTA 
Introduction
The complexation of actinide ions with aminocarboxylate ligands has received much interest over the years because of their relevance to nuclear waste streams. [1] [2] [3] [4] Trivalent actinides behave as hard cations, and predominantly participate in ionic bonding with ligands that contain hard donor groups. 5 In the environment, polyaminocarboxylate donors can exist within humic substances, which are formed from the decomposition of organic matter. 6 Almost all metal ions form thermodynamically stable complexes with humic substances, 7 with reported log β values for Am III and Cm III complexation ranging from 6 to 17 at pHs from approximately 4 to 12. 8, [9] [10] [11] The aminocarboxylate ligand, ethylenediamine tetraacetate (EDTA 4- ; Figure 1 ), may be used as a model for humic substances present in the environment. This is because EDTA 4- . 12 Any remaining metal ion coordination sites in the EDTA complex are typically occupied by water molecules in aqueous solutions, or by other ligands that are present in solution. 13 Secondary ligands are able to bind to f-ion complexes of EDTA 4-by displacing some of the inner sphere water molecules and result in the formation of a ternary complex. This has been shown to occur for actinide and lanthanide complexes of EDTA 4-where the secondary ligand is nitrilotriacetate (NTA), iminodiacetate (IDA), oxydiacetate (ODA) and citrate (see Figure 1 ). [13] [14] [15] [16] However, few studies have observed the formation of ternary complexes of the actinides or lanthanides with carbonate. 17 Actinide complexes of EDTA 4-can be soluble at both acidic and alkaline pHs, and may be used as a model to understand the migration and speciation of radionuclides in the environment, as well as the behaviour of actinides in various effluents and matrices. 18 Carbonate is an environmentally important and ubiquitous ligand, being found in ground and surface waters at concentrations between 10 -2 M to 10 -5 M. 19 The carbonate ion forms strong ionic interactions, due to its bidentate oxygen donors, with cations of the felements. 19 These carbonate salts of the 4f and 5f trivalent ions are generally insoluble over neutral to alkaline pH values, with solubilities less than 10 -8 M. 20, 21 We report our studies of the aqueous behaviour of Am III -EDTA species in the presence and absence of carbonate ions using both UV-Vis and luminescence spectroscopies, whilst the analogous Cm III species have been investigated using UV-Vis spectroscopy. All of the measured Cm III spectra display sharp and relatively weak absorption bands, as expected for f-f transitions, upon an intense, broad transition in the UV region of the spectrum (see Suppl. Info.). This broad absorption has been previously observed in the spectra of Cm III solutions, and has been attributed to radiolytic decomposition of water with time. 24 species is formed, which is discussed below (see luminescence spectroscopy section on the Am III -EDTA-carbonate ternary system). The effects of pH, adjusted using NaOH, on the absorption spectra of the 1:1:2 :CO 3 2-system are shown in Figure 6 . As pH is increased from 10 to 12, the apparent extinction coefficient decreases, and a slight red-shift of the peak maximum occurs after pH 11. It may be possible that these observations are due to the carbonate anion being replaced by the hydroxide ion/s above pH 11. It has been reported that hydrolysed minor actinide species are likely to dominate over minor actinide carbonate complexes at pH values near 11. The luminescence lifetimes can subsequently be used to determine the inner-sphere hydration number of the metal ion (N H 2 O ), thereby providing information on the metal ion coordination environment in solution. 11 We have used the equation derived by Kimura et al. 28 Possible structures of these solution species, which cause the discrepancies between the speciation diagrams derived from potentiometry and luminescence spectroscopy for the 1:1 Am III :EDTA 4-system, are proposed in Figure 11 . Although the equilibria between these species are likely to occur in the pH range studied, the formation of these species will not cause the gradual change of N H 2 O from ~8 to ~3 / 4 over pH 1 to 10 observed by luminescence spectroscopy. It is envisaged that the determination of metal ion speciation using a combination of UV-Vis and luminescence spectroscopies could be applied to new characterisation challenges faced in the future of the nuclear industry. 
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